This paper describes a monitoring system to assess the daily activities of the elderly who live alone by using a circadian model. The developed system is composed of an in-house sensing system and a server system. The in-house sensing system installed in their own houses is a typical wireless sensor network system including three kinds of wireless sensors. The server system has a database server and an assessment server. The assessment server builds a circadian (24 hour) 
Introduction
Population aging is pervasive since it is affecting nearly all the countries of the world. Our country, Republic of Korea, would be expected to be one of three countries with Japan and Macao SAR of China, in which people aged 60 or over constitute more than 40 percent of the population by 2050 [1] . As well as other industrialized countries like Japan, our country is also facing the issues such as growing of disease and disabilities and thus skyrocketing of health care demands and costs. Maintaining good health and independence for as long as possible is essential to reduce the health care costs. The smart home is a promising and cost-effective way of improving home care for the elderly in a non-obtrusive way, allowing greater independence, maintaining good health and preventing social isolation. Much research has been undertaken throughout world in this area [2, 3, 9, 10] .
There have been several research projects that have investigated the use of various sensor technologies on monitoring of daily activity [4, 5, 8] . The monitoring technologies should maximize the privacy of the elderly while providing information of any problems or deviations from normal habits. As a result, motion detection sensors are likely preferred to more invasive technologies such as video recording. Researchers at the University of Virginia have proposed some interesting works for evaluation of sensing system to provide monitoring health status. Barger and coworkers has proposed a mixed model to develop a probabilistic model of behavioral pattern of elder by using a set of simple motion sensors [4] . Virone has proposed a 24-h cycle activity rhythm model called 'circadian activity rhythms (CARs)' that is statically estimated based on the average amount of time a resident spent in each room [5] . The CAR model represents the circadian behaviors of a resident using the occupancy period for each room. They also proposed a method to detect deviations in activity patterns.
In this paper, we describe a monitoring system that was improved from our previous work [8] to assess the daily activities of the elderly who live alone by using a circadian model. The developed monitoring system consists an in-house sensing system and a server system. The in-house sensing that are implemented with Python language. The programs could extract basic daily activities of a resident from the stored sensor data. By processing data of sleep and motion sensors, we can get a set of temporal parameters of the sleep behavior of the resident. The parameters are the start and end time of sleep and total duration of sleep. The other program estimates the location changes of the resident in his/her house for a day by using motion sensors' data. It means that we could find when and how long the resident stays in rooms. Based on this information we could make a model that represents a regularity of daily activities. In next chapter, we will describe a method to model a daily activity pattern of a resident with a set of fuzzy sets, and a method to compute a degree of anomaly. At this time, the assessment server can only provide a model and a degree of anomaly of a certain day, but it is easy to provide this information to caregivers via web protocol as same as in our previous works [8] . Table 1 . The specifications of the designed database. Besides of the two main services described as above, the server system has a set of agent programs that examine the current status of the overall monitoring system. As same as the other monitoring systems, the developed system should be executed for 24 hours 365 days without any interruptions or errors. It is important to detect fails/troubles of nodes and/or connection links, then to notify administrators these problems. To do this we have implemented some programs. One is to examine the current level of battery of all nodes. This agent program reads the battery level from the database, and compares it to a lowest limit value. If it finds hungry nodes, then sends list to administrator via email. In the other, detecting sick nodes is executed regularly once in a day by using the CRON service program. The agent checks the number of the 'self check' packet of each node which is generated at every 30 minutes. If the summation of the events in a day is lower than 48, then the node is sick. The agent also sends the list via email. Based on the client-ip records in netstatus table, other agent diagnoses the connectedness of a HG. Administrators could handle quickly and accurately for various troubles in the whole system by using the result produced by these agent programs.
Life Pattern Modeling
In this section, we describe a model to represent behavioral pattern of a resident. The basic postulation of the proposed modeling is the same as that of the CAR (Circadian Activity Rhythm) of the Virone's work [5] , that a person's daily behavior at home shows a regular pattern. We propose a circadian life pattern model of a resident which has a set of fuzzy sets. Each fuzzy set represents a statistical repetition of daily activities. Such activities are staying in rooms of the residence, going-out and sleeping behaviors. We defined these activities as feature resident by overlapping the five graphs adding 1/5 value as shown in the bottom graph of Figure 4 . For example, we could find that the resident went out from 11:00 to 12:00 a.m. for every 5 days. Therefore, the computed membership values for the elements in the period are 1. This shows that if a resident performs a specific daily activity (in our work, called feature component) regularly in a specific time period in a day (24-h), then the membership value is close to 1. Like this, we propose a fuzzy set, M , that could show a regularity of a certain daily activity in 24-h cycle for multiple days as following equation: M = U, m (x) , where U = x|x ∈ 0, 1439 , 0 ≤ m (x) ≤ 1
In here, the index p represents the resident, the index i represents a feature component. Every fuzzy set is defined on the set U which is time index from 00:00 (hour:min) to 23:59 by 1 minute unit. The assessment server makes fuzzy sets for the defined feature components such as staying in each room, going-out behavior, and sleeping behavior for many days. Then we could model a life pattern of a certain resident through the logical AND of the derived fuzzy sets of feature components as:
where N is the number of feature components for the resident.
In Section 5, we will present the resulting fuzzy sets and discuss the features of the proposed modeling method.
Anomaly Measurement
In this section, we propose a method to compute a measure called 'degree of anomaly', which can show the degree of changes in their lifestyle. The one of objects of monitoring systems is to detect deviations in activity patterns and to warn caregivers of such deviations, which could reflect changes in health status of the elderly who live alone. Similarly, comparing both pattern models before and after a treatment could be an efficient aid for physicians to estimate the effectiveness of treatment.
The proposed method uses cross operation of two fuzzy sets for a specific feature component. The one is a derived fuzzy set of a specific component from a sufficient number of data points. The other is a fuzzy set (precisely crisp set because its membership value is only 1 or 0) of the component of a specific day. For example, if C resident went out from 9:36 to 12:19 a.m. on a specific day, we could get a crisp set of the going-out component as plotted in the bottom graph of Figure 4 . Then the overlapped area of two sets reflects the degree of consistency for the feature component with the derived pattern model. We call this value as 'degree of normality' and denoted as follows:
Here, the M is a derived pattern model (fuzzy set) of a specific feature component i for a resident p, the C (k) is a crisp set of the component for day k. The Area() means the sum of crossed area of two sets. The degree of normality is total sum of the overlapped area for each feature component. We normalized this value because it has wide variation dependent on the lifestyle of a resident. If a resident stays in a specific room for 24-h, then the degree of normality, I (k), should be 1440, therefore we could normalize as:
Then we define the 'degree of anomaly' using this value as follows: nce between th he normality v gh using norm d degree of an ed modeling who live alon e age of them ths. At the ins wever, B perso s one. The typ e floor plan typ Figure 6 , resp kitchen. The on of sensors. Table 5 shows the degree of anomaly of C person for same 7 days. By using same threshold value, we can consider the 3 days (21 st , 23 rd , 24 th ) as nonhabitual. In the case of 21 st day, she did not go out, so the value of normality is so small. We can find that she spent unusual long staying not in room1 but in kitchen at 23 rd day. From the case of 24 th day, we could note that short staying in kitchen made the alert. From these case studies, we claim that the proposed degree of anomaly can show how much a resident's daily activity for a day differs from a usual life pattern. By comparing the computed degree of anomaly to a preset threshold, we could detect unusual days, which may provide such anomalies to caregivers. We have to do further research about how to determine the threshold value.
Conclusion
We presented a remote monitoring system to model a circadian daily life pattern for the elderly who live alone, and to find behavioral deviations of a day for the resident based on the model. We described in detail how to make the monitoring system that is composed of an in-house sensing system and a server system. The basic structure and components of the system are the same to our previous work [8] . We proposed a modeling method to build a set of fuzzy sets which indicate the degree of repetition of daily activities. In addition, we proposed a measure that reflects deviations from the life pattern model. We validated the monitoring system and the proposed method via experiments in 3 people's real houses and through their daily living activities. The results demonstrated that the system can recognize basic daily activities robustly, and can model rhythmic behavioral patterns and detect deviations in these patterns. The computed degree of anomaly could be used to warn caregivers, thus providing caregivers with the opportunity to care appropriately.
There are remaining tasks need to be addressed. Most important task may be more specific validation of the proposed modeling and anomaly detection method. To do this we have to investigate what happens to a resident when an alert is detected via interview and questionnaire. This analysis could provide us pros and cons of the proposed method. In addition, we also can suggest a rule to determine the value of the preset threshold. We are planning to develop a GUI-based analysis software like a result of [7] which could provide us to build the fuzzy sets easily and to recognize reasons for deviation alerts. We are also planning to develop a new accessing tool that is executed on smart phones or tablet PCs. Caregivers can easily and conveniently access the assessing results for a resident by using the tool. 
Acknowledgement

